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(57) ABSTRACT

An integrated circuit (IC) includes a substrate having a top
side having active circuitry thereon including a plurality of
metal interconnect levels including a first metal interconnect
level and a top metal interconnect level, and a bottom side. At
least one TSV array includes a plurality of TSVs. The TSVs
are positioned in rows including a plurality of interior rows
and a pair of exterior rows and a plurality of columns includ-
ing a plurality of interior columns and a pair of exterior
columns. At least a portion of the TSVs in the array are
electrically connected TSV that are coupled to a TSV termi-
nating metal interconnect level selected from the plurality of
metal interconnect levels. At least one of the exterior rows or
exterior columns include a lower number of electrically con-
nected TSVs compared to a maximum number of electrically
connected TSVs in the interior rows and interior columns,
respectively.
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IC HAVING TSV ARRAYS WITH REDUCED
TSV INDUCED STRESS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Provisional
Application Ser. No. 61/141,136 entitled “Method for Reduc-
ing Stress Imparted to Integrated Circuits by Through Silicon
Vias (TSVs), filed Dec. 29, 2008, which is herein incorpo-
rated by reference in its entirety.

FIELD

[0002] Disclosed embodiments generally relate to IC
devices having through-substrate vias.

BACKGROUND

[0003] Vias are routinely used in forming ICs. Vias may be
formed that extend vertically from the bottom side of an IC
die to one of the metal interconnect layers on the active top
side of the IC die. Such structures are often referred to as
“through-silicon vias”, and are referred to more generally
herein as through-substrate vias (TSVs).

[0004] TSVs are generally framed by a dielectric liner and
filled with copper or another electrically conductive TSV
filler material to provide the desired low resistance vertical
electrical connection. A diffusion barrier metal formed on the
dielectric liner frames the TSV and protects against escape of
the TSV filler material into the substrate in the case of highly
mobile metal TSV filler materials that are known to signifi-
cantly reduce minority carrier lifetimes, such as copper in
silicon, that cause problems such as significantly increased
junction leakage or a shift in transistor threshold voltage.
[0005] Copper, as well as some other TSV filler materials,
have a significantly higher coefficient of thermal expansion
(CTE) as compared to conventional IC substrates, such as
silicon. For example, copper has a CTE of approximately 17
ppy/° C., whereas silicon has a CTE of approximately 2 to 3
ppny/° C. This CTE mismatch (ACTE) can result in significant
thermally induced stress in the silicon including the circuitry
(e.g. MOS transistors) in the silicon surrounding the TSVs,
particularly during certain fab processing subsequent to the
fabrication of the TSV (e.g., 360 to 410° C. sinters), during
assembly and test/operations as may occur during solder
reflow (e.g., up to about 260° C.) or during thermo-compres-
sive bonding (e.g., up to 400° C.), during certain temperature
cycle reliability testing (e.g., =55° C. to 125° C.), or even
during long-term field operation of the IC.

[0006] A number of solutions have been proposed to reduce
problems caused by CTE mismatches for ICs having copper
TSVs. In some IC designs, to reduce stress, TSVs are posi-
tioned in TSV arrays comprising a plurality of TSVs. For
example, reducing the TSV diameter and increasing TSV
spacing (i.e. pitch) generally reduces stress. Another known
option to reduce stress is to use a TSV filler material that
provides a lower ACTE relative to the substrate, such as
tungsten instead of copper.

SUMMARY

[0007] The Inventors have recognized TSV arrays that have
large ACTE between the embedded TSV metal and the sub-
strate impart the maximum stress on the surrounding sub-
strate/die near the corners of commonly used rectangular
TSV arrays. Copper TSVs embedded in silicon substrates is
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one example of an arrangement that results in a large ACTE
between the TSV metal and the substrate. Stress induced
fractures of the substrate containing the embedded TSVs
during temperature cycling has led to reliability problems and
has caused some designs to use tungsten TSVs to reduce the
CTE differential which reduces cracking but also adversely
affects performance (e.g. speed) of the IC due to an approxi-
mately 5x increase in resistivity compared to copper TVSs.
[0008] Disclosed ICs include at least one TSV array com-
prising a plurality of TSVs positioned in rows including a
plurality of interior rows and a pair of exterior rows, and a
plurality of columns including a plurality of interior columns
and a pair of exterior columns. At least a portion of the
plurality of TSVs in the array are electrically connected (i.e.
active) TSVs that are coupled to a TSV terminating metal
interconnect level selected from one of the IC’s plurality of
metal interconnect levels. At least one of the pair of exterior
rows or pair of exterior columns includes a lower number of
electrically connected TSVs compared to a maximum num-
ber of electrically connected TSVs in the plurality of interior
rows and plurality of interior columns, respectively.

[0009] In one embodiment, the TSV array includes selec-
tive removal of at least one electrically connected TSV from
the corners of the TSV arrays (referred to herein as “depopu-
lation”, forming “depopulated locations” or depopulated
regions”). In another embodiment, the TSV array includes at
least one and more typically a region comprising a plurality of
non-electrically functioning TSVs (termed herein “dummy
TSVs”). Dummy TSVs can serve as sacrificial stress absorb-
ers. The depopulation and dummy TSV embodiments may be
combined. Disclosed embodiments enable TSV arrays hav-
ing a larger area (i.e. and thus lower resistance), enable a
larger operating temperature range for the IC, and can remove
the need or motivation to substitute a higher resistivity TSV
metal (e.g. tungsten) for copper to reduce stress induced
cracking of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1A shows a depiction of a conventional rect-
angular TSV array.

[0011] FIGS. 1B and C show depictions of exemplary
selective depopulation-based TSV array designs according to
disclosed embodiments including a modified rectangular
TSV array with one TSV depopulated per corner, and a modi-
fied rectangular TSV array with a depopulated region com-
prising three TSVs depopulated per corner, respectively.
[0012] FIGS. 2A-C show depictions of a rectangular TSV
array having its exterior rows and columns populated with
dummy TSVs, a modified TSV array with one TSV depopu-
lated per corner and dummy exterior TSV rows and exterior
columns, and a modified TSV array with three TSV depopu-
lated per corner and dummy exterior TSV rows and their
neighboring rows as well as dummy exterior columns and
their neighboring columns, respectively, according to dis-
closed embodiments.

[0013] FIGS. 2D-G show depictions of exemplary TSV
arrays which include different combinations of depopulation
and dummy TSVs, according to disclosed embodiments.
[0014] FIG. 3 is a simplified cross sectional depiction of a
portion of an IC comprising a TSV array including power
TSVs and at least one dummy TSV, according to a disclosed
embodiment.

[0015] FIGS. 4A-C provide qualitative thermo-mechanical
stress/strain modeling data showing the silicon stress, strain,
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and elastic energy density reduction effect of selective
depopulation of the TSV array at its corners, respectively,
according to a disclosed embodiment.

DETAILED DESCRIPTION

[0016] Disclosed embodiments are described with refer-
ence to the attached figures, wherein like reference numerals
are used throughout the figures to designate similar or equiva-
lent elements. The figures are not drawn to scale and they are
provided merely to illustrate the disclosed embodiments.
Several aspects are described below with reference to
example applications for illustration. It should be understood
that numerous specific details, relationships, and methods are
set forth to provide a full understanding of the disclosed
embodiments. One having ordinary skill in the relevant art,
however, will readily recognize that the disclosed embodi-
ments can be practiced without one or more of the specific
details or with other methods. In other instances, well-known
structures or operations are not shown in detail to avoid
obscuring the disclosed embodiments. The disclosed
embodiments are not limited by the illustrated ordering of
acts or events, as some acts may occur in different orders
and/or concurrently with other acts or events. Furthermore,
not all illustrated acts or events are required to implement a
methodology in accordance with disclosed embodiments.
[0017] Disclosed embodiments include ICs having TSV
arrays that provide reduced CTE-induced peak stress as com-
pared to conventional TSV arrays. As described above, TSV
arrays, particularly when silicon, silicon-germanium or ger-
manium is filled with copper, impart a maximum ACTE-
based stress on the surrounding substrate/die at the corners of
the TSV arrays during thermal cycling. In worst-cases, this
can lead to fracture of the substrate containing the TSV array
near the corner of the array or failure of one or more bonds
involving the TSVs, such as at the TSV tip comprising bonds
to a die mounted above. In best cases, this leads to a larger
keep out zone for placement of stress-sensitive circuits rela-
tive to the TSV array corners.

[0018] By reducing peak stress, ICs comprising larger TSV
arrays than can currently be reliably placed becomes possible,
and the size of the keep out zone may also be reduced. More-
over, a larger operating temperature range may be enabled.
Disclosed embodiments also enable the reliability of the TSV
comprising IC to be improved without the need to substitute
alternative metal filler materials such as tungsten for copper
which can degrade performance of the IC. For example, other
embodiments include copper in germanium and copper in
silicon germanium. Tungsten TSVs in silicon can also benefit
from embodiments of the invention.

[0019] Moreover, although TSV arrays are generally
described herein as having rectangular shape and comprising
silicon filled with copper, disclosed embodiments are not
limited to rectangular shapes, nor to silicon comprising sub-
strates filled with copper. Disclosed embodiments generally
include any array shape containing a vertex of angle =90
degrees. For example, in one embodiment, the TSV array can
be in the shape of a plus (+) sign.

[0020] One disclosed embodiment involves depopulating
(i.e. omitting) TSVs at corners of the TSV arrays. By depopu-
lating at least one TSV at the corners of the TSV array, the
maximum stress imparted on the substrate by the TSV array
is lowered. As a result, the package/device lifetime may be
extended. Alternately, non-electrically connected (dummy)
TSVs may be provided around the active portion of the TSV

Jul. 8,2010

array, or used in combination with depopulation so that
dummy TSVs may be provided to circumscribe a portion or
the entire active portion of the TSV array while one or more
TSVs may be depopulated at the TSV corners.

[0021] FIG. 1A shows a depiction of a conventional rect-
angular TSV array 110 comprising a plurality of rows and
columns. The TSVs 115 can be copper filled TSV's formed in
silicon, or be filled with other metals and/or other substrates.
The regions 112 near corners 111 of the TSV array 110 are in
a higher stress state as compared to the remainder of the TSV
array 110. Although the TSVs shown herein are generally
shown having a circular cross section, the vias can be square,
octagonal, or slot-shaped (e.g., rectangular), as opposed to
conventional circular vias. Slot-shaped vias, for example, can
reduce the amount of Cu electroplating required to fill the
TSV as compared to conventional circular cross sectioned
vias.

[0022] FIGS. 1B and 1C show depictions of exemplary
selective depopulation TSV array designs 140 and 170,
respectively, according to disclosed embodiments. Depopu-
lated locations generally correspond to locations that do not
receive TSV via etch and thus do notinclude a TSV filled with
embedded metal. TSV array 140 shown in FIG. 1B is a
rectangular TSV array modified to have one TSV depopu-
lated from each of its four corners. Depopulated (i.e. omitted)
array locations are shown by reference 141 that can be seen to
be corner TSV array locations that are otherwise populated
with a TSV that is identical to the other TSVs 115 in conven-
tional rectangular TSV array 110 shown in FIG. 1A.

[0023] Depopulation disclosed herein can be used to mini-
mize ACTE induced peak stress by “softening” or “rounding”
the sharp corner features of the TSV array. Selective depopu-
lation of a TSV array at the corners of the array serves to
dampen the ACTE induced stress at the corners, thereby
generally rendering the resulting IC including one or more
TSV arrays more robust as to time/temperature cycling fail-
ures.

[0024] The plurality of TSVs in TSV array 140 are posi-
tioned in rows including a plurality of interior rows 142(a)
and a pair of exterior rows 142(b) and a plurality of columns
including a plurality of interior columns 143(a) and a pair of
exterior columns 143(5). All the TSVs 115 shown in TSV
array 140 are electrically connected (i.e. active) TSVs that are
coupled to a TSV terminating metal interconnect level
selected from the plurality of metal interconnect levels on the
IC (not shown in FIG. 1B). Due to inclusion of depopulated
locations 141 into TSV array 140, exterior rows 142(b) and
exterior columns 143(5) include a lower number (i.e. 2 less)
of electrically connected TSVs compared to a maximum
number of electrically connected TSVs in the plurality of
interior rows 142(a) and the plurality of interior columns
143(a), respectively.

[0025] TSV array 170 shown in FIG. 1C is a rectangular
TSV array with three vias depopulated per corner to form
depopulated array regions 177 in each corner, according to a
disclosed embodiment. The array locations in depopulated
array regions 177 are array locations that are populated with
TSVs 115 in conventional rectangular TSV arrays, such as
TSV array 110 shown in FIG. 1A.

[0026] As known in the art, the TSV die (or wafer) can be
assembled top side (face) up or bottom side up (i.e. face
down). In embodiments where the TSV die (or wafer) is
assembled face down, such as being bonded to pads of a
package (e.g. organic) substrate, at least one other die or
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water is bonded on top of the TSV die or wafer via the TSV
tips of the TSV die or wafer, often including solder in the
bonds. In this arrangement, the bonded tips are exposed to
package stresses resulting from differences in thermal expan-
sion of the various components comprising the assembled
stack (also known as “3D-IC”), such as the organic substrate,
the IC comprising the TSVs, and the die or wafer bonded to
the TSVs, which itself may be a pre-assembled die or wafer
stack. The maximum stress exists at the periphery of such
stack assemblies. Such stress fields can cause the bonds
involving the TSV tips at the periphery regions of embedded
TSV arrays to fail, due to open or high resistance contacts at
the TSV tip bonding locations.

[0027] In certain disclosed embodiments, at least one and
generally a plurality of dummy TSVs as disclosed herein are
positioned within an effective distance to the active portion of
the TSV array to enable the dummy TSV to act as sacrificial
stress absorbers. Areas of dummy TSVs can serve as sacrifi-
cial stress absorbers, so that stress concentrations (i.e., peak
stress due to ACTE) can be reduced. During time/temperature
cycling of 3D-ICs containing embedded TSV arrays includ-
ing dummy TSV features, the dummy TSVs can attenuate the
stress field imparted to the active TSVs, thereby extending the
reliability of the 3D-IC. The dummy TSV’ can thus be placed
on the TSV tip-connected side providing some stress relief to
the interior neighbors in the TSV array.

[0028] As defined herein, an “effective distance” refers to a
region that is defined from the outer edge of the active portion
of the TSV array outward a distance extending to three (3)
times the pitch of the TSVs 115 in the TSV array. For
example, for a TSV array having a 40 um pitch, the effective
distance would extend outward from the edge of the active
TSV array a distance of 120 pm.

[0029] FIG. 2A shows a depiction of a TSV array 210
having its exterior rows 142(b) and exterior columns 143(5)
populated with dummy TSVs 181, according to a disclosed
embodiment. Dummy TSVs 181 are depicted in FIG. 2A and
throughout this Disclosure with open circles as opposed to
conventional electrically connected (i.e. active) TSVs 115
that are depicted in FIG. 2A and throughout this Disclosure
with solid circles.

[0030] FIG. 2B shows a depictions of a TSV array 240
having one TSV depopulated per corner and its exterior rows
142(b) and exterior columns 143() populated with dummy
TSVs 181, according to a disclosed embodiment. FIG. 2C
shows a depiction of a TSV array 250 having depopulated
array regions 177 in each corner comprising three TSV loca-
tions and dummy TSV 181 positioned in exterior TSV rows
142(b) and for their nearest neighboring rows 142(5)', as well
as dummy exterior columns 143(5) and for their neighboring
columns 143(b)', according to a disclosed embodiment.
[0031] FIG. 2D shows a depiction of a TSV array 260
having one depopulated location in each corner and dummy
TSVs 181 positioned to provide a protective ring or wall
positioned within the effective distance 284 shown, according
to a disclosed embodiment. FIG. 2E shows a depiction of a
TSV array 270 having a depopulated region 177 comprising
three depopulated location in each corner and generally ran-
domly (i.e. aperiodically) positioned dummy TSVs 181,
except for with an increased concentration of dummy TSVs
181 in the corners, according to a disclosed embodiment.
[0032] FIG. 2F shows a depiction of a TSV array 280 hav-
ing one depopulated location 141 in each corner and a pair of
dummy TSVs 181 positioned adjacent to the depopulated
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locations, according to a disclosed embodiment. FIG. 2G
shows a depiction of a TSV array 290 based on TSV array 280
shown in FIG. 2F, with the addition of the dummy TSV
pattern shown in FIG. 2F, according to a disclosed embodi-
ment.

[0033] Dummy TSVs can be embodied in various ways. In
a typical embodiment, the dummy TSV “stops” at M1 with a
M1 TSV cover that electrically “floats” by not being con-
nected to any other metallization within the IC, As shown in
FIG. 3 described below, the area above the dummy TSVs can
be used for back end of the line (BEOL) metal line routing.

[0034] FIG. 3 is a simplified cross sectional depiction of a
portion of an IC 300 comprising a TSV array 310 including
electrically connected TSVs 115 described above shown as
“power TSVs” 209(a) and 209(b) that provide power for the
IC and dummy TSVs 181 described above shown as dummy
TSV 202, according to a disclosed embodiment. Power TSVs
209(a) and 209(b) can be members of respective interior rows
142(a) or interior columns 143(a) described above for TSV
array 310, while the dummy TSV 202 can be a member of an
exterior row 142(b), exterior column 143(b), or a corner loca-
tion as described above for TSV array 310. TSVs 209(a),
209(b), and 202 are shown including protruding TSV tips 214
that protrude a distance from the bottom side 207 of substrate
205, typically protruding a distance of from 5 to 50 um
measured from the bottom side 207.

[0035] IC 300 comprises a substrate 205 having a top side
206, such as a silicon or silicon germanium top surface, and a
bottom side 207. IC 300 includes a plurality of metal inter-
connect levels generally comprising copper including a first
to seventh metal interconnect level M1-M7 shown, a pre-
metal dielectric (PMD) 239 between the top surface 206 and
M1, and ILD layers comprising 1L.D1, ILD2, ILD3, 1LD4,
ILD5 and ILD6 shown comprising ILD dielectric material
between respective ones of the plurality of metal interconnect
levels M1 to M7. ILD material can comprise a low-k or an
ultra low-k dielectric layer, and be different (or the same)
material for each of the ILD1, ILD2, ILD3, ILD4, ILD 5 and
1ILD6 layers.

[0036] Although IC 300 shows both power TSVs 209(a)
and (b) terminating at M1 that defines their TSV terminating
metal interconnect level, in other embodiments the TSV ter-
minating metal interconnect level can terminate at metal lev-
els above M1, including the top level metal interconnect (M7
shown in FIG. 3). Active circuitry shown as transistor 218 is
formed on top side 206 adjacent to the edge 311 of the TSV
array 310. Although not shown, transistor 218 is coupled to
other devices or components on IC 300 by one of the many
possible connection options comprising M1, M2, M3 and
M4, etc. and associated vias as shown in FIG. 3.

[0037] The power TSVs 209(a) and (b) can be seen provid-
ing a feed through the substrate 205 for connection on top side
of'the IC 300, such as to the pillar pad 228 having pillar 246
thereon. Power TSVs 209(a) and (b) generally provide a high
current connection, such as VDD, VSS or Ground to a device
above IC 300, with only the copper pillar 246 of the device
mounted above IC 300 being shown in FIG. 3.

[0038] Dummy TSV 202 can be seen to be electrically
unconnected. Since dummy TSV 202 is embedded below and
terminates at M1, the volume above dummy TSV 202
becomes available for routing lines. IC 300 is shown includ-
ing an M4 routing line 251 and an M6 routing line 252 above
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dummy TSV 202. Although not shown, routing lines 251 and
252 provide interconnection between various circuitry on IC
300.

[0039] TSVs 202 and 209(a) and (b) comprise TSV filler
material (e.g., copper) 237 that can be seen to extend from M1
which functions as the TSV terminating metal interconnect
level for TSVs 202 and 209(a) and (b) on IC 300 downward
through the bottom surface 207. The TSV filler material 237
is shown surrounded by diffusion barrier metal (e.g., Ta, TaN,
Ti, TiN, Mn, or Ru, or combinations thereof) 238 then an
outer dielectric liner 239.

[0040] FIGS. 4A-C provide qualitative thermo-mechanical
stress/strain modeling data showing the silicon stress, strain,
and elastic energy density reduction effect of selective
depopulation of the TSV array at the corners, respectively,
according to a disclosed embodiment. The model conditions
comprised a temperature of -65° C., with the TSV array
having a 50 um TSV pitch. The magnitude of the stress, strain
and elastic density increases with increasing TSV diameter
and also increases with decreasing TSV pitch. A similar
qualitative response is obtained when modeled at 260° C.
[0041] Although the y-axes are shown in arbitrary units, the
modeling data clearly demonstrates the trend of a decreasing
magnitude for stress, strain and elastic density with an
increase in number of depopulated locations at the corners of
the TSV array. The case for zero depopulated corner locations
for a TSV array can be represented by the conventional rect-
angular TSV array shown in FIG. 1A.

[0042] Disclosed embodiments can be integrated into a
variety of process flows to form a variety of devices and
related products that include TSV arrays. Disclosed embodi-
ments enables larger arrays than can currently be placed (for
the case of rectangular arrays) and enable a larger operating
temperature range for the IC. The substrates may include
various elements therein and/or layers thereon. These can
include barrier layers, other dielectric layers, device struc-
tures, active elements and passive elements including source
regions, drain regions, bit lines, bases, emitters, collectors,
conductive lines, conductive vias, etc. Moreover, embodi-
ments of the invention can be used in a variety of processes
including bipolar, CMOS, BiCMOS and MEMS.

[0043] While various embodiments of the invention have
been described above, it should be understood that they have
been presented by way of example only, and not limitation.
Numerous changes to the disclosed embodiments can be
made in accordance with the disclosure herein without
departing from the spirit or scope of the disclosed embodi-
ments. Thus, the breadth and scope of embodiments of the
invention should not be limited by any of the above explicitly
described embodiments. Rather, the scope of the invention
should be defined in accordance with the following claims
and their equivalents.

[0044] Although the embodiments of invention have been
illustrated and described with respect to one or more imple-
mentations, equivalent alterations and modifications will
occur to others skilled in the art upon the reading and under-
standing of this specification and the annexed drawings. In
addition, while a particular feature may have been disclosed
with respect to only one of several implementations, such
feature may be combined with one or more other features of
the other implementations as may be desired and advanta-
geous for any given or particular application.

[0045] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
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be limiting to embodiments of the invention. As used herein,
the singular forms “a,” “an,” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. Furthermore, to the extent that the terms “includ-
ing,” “includes,” “having,” “has,” “with,” or variants thereof
are used in either the detailed description and/or the claims,
such terms are intended to be inclusive in a manner similar to
the term “comprising.”

[0046] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which embodiments of the invention belongs. It will be fur-
ther understood that terms, such as those defined in com-
monly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of
the relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0047] The Abstract of the Disclosure is provided to com-
ply with 37 C.F.R. §1.72(b), requiring an abstract that will
allow the reader to quickly ascertain the nature of the techni-
cal disclosure. It is submitted with the understanding that it
will not be used to interpret or limit the scope or meaning of
the following claims.

1. An integrated circuit (IC), comprising:

a substrate having a top side having active circuitry thereon
including a plurality of metal interconnect levels includ-
ing a first metal interconnect level and a top metal inter-
connect level having inter-level dielectric (ILD) layers
between respective ones of said plurality of metal inter-
connect levels, and a bottom side, and

atleast one TSV array comprising a plurality of TSVs with
each TSV extending from said top side to said bottom
side and comprising an electrically conductive filler
material surrounded by a dielectric liner;

wherein said plurality of TSVs are positioned in rows
including a plurality of interior rows and a pair of exte-
rior rows and a plurality of columns including a plurality
of interior columns and a pair of exterior columns;

wherein at least a portion of said plurality of TSV in said
array are electrically connected TSVs that are coupled to
a TSV terminating metal interconnect level selected
from said plurality of metal interconnect levels,

and wherein at least one of said pair of exterior rows or at
least one of said pair of exterior columns include a lower
number of said electrically connected TSVs compared
to a maximum number of said electrically connected
TSVs in said plurality of interior rows and said plurality
of interior columns, respectively.

2. The IC of claim 1, wherein said electrically conductive
filler material comprises copper and said substrate comprises
silicon.

3. The IC of claim 1, wherein said TSV terminating metal
interconnect level is said first metal interconnect level.

4. The IC of claim 1, wherein said TSV array includes a
plurality of corners, and wherein said lower number of said
electrically connected TSVs is provided by depopulation of at
least one of said electrically connected TSV in each of said
corners.

5. The IC of claim 4, wherein said depopulation comprises
depopulation of a plurality of said electrically connected
TSVs in each of said corners.

6. The IC of claim 1, wherein said TSV array includes a
plurality of corners, and wherein said lower number of said
electrically connected TSVs is provided by at least a portion
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of one of said pair of exterior rows or at least a portion of one
of said pair of exterior columns comprising dummy TSVs.

7. The IC of claim 4, further comprising at least one
dummy TSV between an outer edge of said electrically con-
nected TSVs and an effective distance outward from said
outer edge comprising =3 times a pitch in said TSV array.

8. The IC of claim 7, wherein said at least one dummy TSV
comprises at least one ring of said dummy TSV's circumscrib-
ing said electrically connected TSV except at said corners.

9. The IC of claim 8, further comprising at least one
dummy TSV disposed between said ring and said effective
distance.

10. The IC of claim 9, wherein said at least one dummy
TSV disposed between said ring and said effective distance
comprises a plurality of said dummy TSV arranged aperiodi-
cally.

11. The IC of claim 6, wherein said IC includes at least one
of said plurality of metal interconnect levels providing rout-
ing lines over said dummy TSVs.

12. The IC of claim 1, wherein said plurality of TSVs
comprise protruding TSV tips, said protruding TSV tips pro-
truding 5 to 50 um from said bottom side.

13. The IC of claim 1, wherein said TSV array is a rectan-
gular shaped TSV array.

14. An integrated circuit (IC), comprising:

a substrate comprising silicon having a top side having
active circuitry thereon including a plurality of metal
interconnect levels including a first metal interconnect
level and a top metal interconnect level having inter-
level dielectric (ILD) layers between respective ones of
said plurality of metal interconnect levels, and a bottom
side, and
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atleast one TSV array comprising a plurality of TSV's with
each TSV extending from said top side to said bottom
side and comprising copper surrounded by a dielectric
liner, wherein said plurality of TSVs are positioned in
rows including a plurality of interior rows and a pair of
exterior rows and a plurality of columns including a
plurality of interior columns and a pair of exterior col-
umns;

wherein at least a portion of said plurality of TSV in said
array are electrically connected TSVs that are coupled to
a TSV terminating metal interconnect level selected
from said plurality of metal interconnect levels;

wherein at least one of said pair of exterior rows or at least
one of said pair of exterior columns include a lower
number of said electrically connected TSVs compared
to a maximum number of said electrically connected
TSVs in said plurality of interior rows and said plurality
of interior columns, respectively;

wherein said TSV array includes a plurality of corners, and

wherein said lower number of said electrically connected
TSVs is provided by depopulation of at least one of said
electrically connected TSVs in each of said corners.

15. The IC of claim 14, wherein said lower number of said

electrically connected TSVs is provided by at least a portion
of'one of said pair of exterior rows or at least a portion of one
of said pair of exterior columns comprising dummy TSVs.

16. The IC of claim 14, further comprising at least one

dummy TSV between an outer edge of said electrically con-
nected TSVs and an effective distance outward from said
outer edge comprising =3 times a pitch in said TSV array.

17. The IC of claim 14, wherein said TSV array is a rect-

angular shaped TSV array.
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